Rationale: Although chronic obstructive pulmonary disease (COPD) exacerbation frequency is stable in research cohorts, whether severe COPD exacerbation frequency can be used to identify patients at high risk for future severe COPD exacerbations and/or mortality is unknown. Methods: Severe COPD exacerbation frequency stability was determined in 3 distinct clinical cohorts. A total of 17,450 patients with COPD in Intermountain Healthcare were categorized based on the number of severe COPD exacerbations per year. We determined whether exacerbation frequency was stable and whether it predicted mortality. These findings were validated in 83,134 patients from the U.S. Veterans Affairs (VA) nationwide health care system and 3326 patients from the University of Chicago Medicine health system. Results: In the Intermountain Healthcare cohort, the majority (84%, 14,706 patients) had no exacerbations in 2009 and were likely to remain non-exacerbators with a significantly lower 6-year mortality compared with frequent exacerbators (2 or more exacerbations per year) (25% versus 57%, p<0.001). Similar findings were noted in the VA health system and the University of Chicago Medicine health system. Non-exacerbators were likely to remain non-exacerbators with the lowest overall mortality. In all cohorts, frequent exacerbator was not a stable phenotype until patients had at least 2 consecutive years of frequent exacerbations. COPD exacerbation frequency predicted any cause mortality. Conclusions: In clinical datasets across different organizations, severe COPD exacerbation frequency was stable after at least 2 consecutive years of frequent exacerbations. Thus, severe COPD exacerbation frequency identifies patients across a health care system at high risk for future COPD-related health care utilization and overall mortality.
Introduction
Chronic obstructive pulmonary disease (COPD) is characterized by lung function decline and periods of exacerbation.
1 COPD exacerbations are a major cause of morbidity and mortality in COPD, and a major contributor to COPD costs.
2-5 Identifying patients with COPD who are at greater risk of being hospitalized for COPD exacerbations could help in the development of targeted preventive strategies.
Several large multi-centered observational cohort studies have described the natural history of COPD and its associated exacerbations.
3,6-8 These studies have included a large number of patients recruited through various methods to strengthen their applicability to the general population. However, the prevalence and incidence reports have been dissimilar in these studies. 3, [6] [7] [8] [9] Data from the Evaluation of COPD Longitudinally to Identify Predictive Surrogate End-points (ECLIPSE) study described the frequent exacerbator phenotype and its stability, while data from the SubPopulations and InteRmediate Outcome Measures In COPD Study (SPIROMICS) cohort showed that 2 years of frequent exacerbations were needed before stability could be considered.
6 Since the definition of an acute exacerbation of COPD (AECOPD) is a functional one (whether a patient is treated for a COPD exacerbation), whether COPD exacerbation frequency is a stable phenotype of COPD patients may vary depending on the cohort evaluated.
3,6
Thus, it remains unclear how generalizable the observed data from these research cohorts are to a clinical population of COPD patients where COPD may not be confirmed by spirometry and there is clinician variation in diagnosis. Despite this uncertainty, health care systems and clinicians are trying to identify patients at high risk for health care utilization and severe COPD exacerbations in order to target interventions aimed at reducing COPD admissions and mortality.
Whether frequent severe COPD exacerbations, i.e., those requiring hospitalizations and/or emergency department (ED) visits, are stable characteristics over time in an unselected clinical population with variable comorbidities and diagnostic uncertainty remains unknown.
In this study, we retrospectively examined the prevalence, incidence, and stability of severe COPD exacerbations in patients with a diagnosis of COPD across 3 different health care systems. Our goal was to determine whether severe frequent exacerbations are a stable phenotype in this patient population, and whether severe COPD exacerbation frequency correlates with all-cause mortality.
The institutional internal review boards at Intermountain Healthcare, the University of CaliforniaSan Francisco, the San Francisco Veterans Affairs (VA) Medical Center Research and Development Committee, and the University of Chicago Medicine health system approved this retrospective data-only study and waived individual informed consent. Figure 1 ). The VA nationwide health care system is a large, integrated health system that is relatively closed.
Study Populations

University of Chicago Medicine Health System
A third cohort of patients from the University of Chicago Medicine health system was also analyzed. Table 4 ). For this cohort, years were based on time since the index COPD exacerbation that qualified the patient for the cohort, rather than by calendar years.
Study Outcomes
The primary study outcome was to determine whether severe COPD exacerbation frequency (as defined by hospitalizations and/or ED visits for COPD exacerbation) is a stable characteristic over time.
We also sought to determine whether health care utilization (any cause hospitalizations and/or ED visits) was stable over time. The secondary outcome was to determine whether health care utilization (COPD and/ or any cause) was associated with mortality differences in these cohorts.
Any Cause Health Care Utilization
We hypothesized that there may be diagnostic uncertainty in patients with a history of congestive heart failure, pneumonia, or other comorbidities and COPD when they present with respiratory symptoms. Therefore, we explored whether any cause health care utilization was more stable and predicted overall mortality in this patient population. For the Intermountain cohort and the VA national health system cohort we had any cause hospitalization and/or ED visit data. Thus, we repeated the analysis dividing these 2 cohorts of patients based on the number of annual any cause hospitalizations and/or ED visits. Patients were divided into groups of frequent (2 or more visits for any cause per year), intermediate (1 visit for any cause per year) and infrequent (no visits for any cause per year) health care utilization. For our secondary analysis, we used Kaplan-Meier survival analysis to evaluate the association between exacerbation frequency and health care utilization categorization in 2009, and 6-year all-cause mortality. Mortality in 6 years (yes versus no) was entered as the state variable and number of years to death was entered as the time variable. Patients who survived from 2009 to 2014 were censored. For the Intermountain Healthcare survival data, pooled over strata log-rank tests were used to compare the overall equality of the survival curves. This analysis allowed us to combine categorization levels into a single test to determine whether mortality generally differed between the 3 stability categorizations. We also ran pairwise log rank tests on the Intermountain survival data to compare individual survival distributions. Our statistical plan is summarized in a flow diagram "Flow Diagram of Statistical Analysis Plan" (online supplement). (Figure 1) . There was less stability in patients with 2 or more exacerbations in 2009. The majority of patients who were frequent exacerbators in 2009 were nonexacerbators in subsequent years (Figure 1) . However, if patients were frequent exacerbators for 2 consecutive years (2009 and 2010), they were more likely to remain frequent exacerbators throughout the remainder of the study (Figures 1 and 2 ) Overall pooled log rank tests were significant for both the COPD visit (p<0.001) and any visit (p<0.001) survival analyses. Statistically significant pooled log rank tests suggest that the survival curves in each analysis are different. The Chi-Square value for the COPD visit (Figure 2a) pooled log rank test is 943.45 while the Chi-Square value for the any visit (Figure 3a) pooled log rank test is 520.24. A much higher COPD visit Chi-Square value (943.45) indicates that the spread among COPD visit survival curves is greater than the spread among any visit survival curves. This finding suggests that frequency of COPD visits more effectively separates cases into disparate mortality probability groups than frequency of any visits.
Statistical Analysis
Frequent exacerbators in 2009 had a significantly higher probability of all-cause mortality over 6 years compared to intermediate (pairwise log rank test results, p<0.001) and non-exacerbators (p<0.001) (Figure 2A ). Notwithstanding these differences, the 6-year mortality rate was relatively high for all patients. Among those with no hospitalizations for COPD in 2009, 24% died over the 6-year period. Six-year mortality increased to 43% for patients with 1 exacerbation, and to 56% for those with 2 or more exacerbations (Figure 2 ). These high rates of mortality underscore the seriousness of a COPD diagnosis. Similar mortality rates have been found in previous studies.
5,12
Frequent exacerbators had higher Charlson comorbidity rates for a variety of comorbidities (Figure 4) . For example, the overall rate of cardiovascular comorbidity was high (24.0% had diabetes and 24% had congestive heart failure [CHF]).
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Volume 5 Comorbidity rates increased significantly for frequent exacerbators compared to non-exacerbators (22% versus 43% for diabetes and 20% versus 59% for CHF, respectively, p<0.001).
Veterans Affairs National Health System Cohort Severe COPD exacerbation frequency stability and mortality were determined in 83,134 patients from the VA nationwide health care system alive in 2009 with laboratory values and an exacerbation frequency assignment (online supplement Figure 1 and online supplement Table 3 ). Overall, the majority of patients were non-exacerbators at baseline and remained nonexacerbators over subsequent years ( Figure 5 ). Nonexacerbators also had a statistically significantly lower all-cause 7-year mortality as compared with intermediate or non-exacerbators ( Figure 2B ). Frequent exacerbators were likely to remain frequent exacerbators after 2 consecutive years of frequent exacerbations ( Figure 5 ) and had the highest overall mortality ( Figure 2B ).
University of Chicago Medicine Health System Cohort
Similar to the other larger cohorts, non-exacerbators were likely to remain non-exacerbators over subsequent years ( Figure 6 ). In this small cohort there was a trend toward lower mortality in nonexacerbators compared with frequent exacerbators (Figure 7) but it did not reach statistical significance ( Figure 7 and online supplement Table 5 ). In this cohort, of a small number of patients in a relatively open system, frequent exacerbations were not a stable phenotype until patients had 4 consecutive years of frequent exacerbations ( Figure 6 ). However, after 2 consecutive years of frequent exacerbations, patients were more likely to have 2 or more exacerbations the subsequent year than to have none. In this relatively open system it is likely that a subset of the patients with "no exacerbations" in a given year were actually hospitalized outside the system.
Any Cause Health Care Utilization Frequency Stability and Mortality
Infrequent health care utilization was a stable phenotype identifying the lowest risk for future health care utilization and lowest mortality across both cohorts (Figures 8, 9 and 3) . Frequent health care utilization in year 1 predicted subsequent year frequent health care utilization in both study cohorts (Figures 8  and 9 ). Additionally, frequent health care utilization was associated with a statistically significant higher overall mortality compared with infrequent health care utilization (p<0.001, Figure 3 ). For the larger cohorts, the VA and Intermountain 
Discussion
In this study we examined the stability of severe COPD exacerbation frequency as a predictor of future COPD exacerbation frequency and overall mortality across 3 distinct clinical cohorts. Severe COPD exacerbation frequency is stable after 2 or more years of frequent exacerbations and predicts overall mortality in clinical data, mortality was significantly higher for the intermediate compared with infrequent health care utilizers (pairwise log rank test p<0.001). However, there was no statistical difference between 6-year allcause mortality in those intermediate and infrequent health care utilizers in the smaller cohort from the University of Chicago (Figure 3) . cohorts identified by EHR data. We also determined the stability of any cause health care utilization and its association with overall mortality.
While overall health care utilization frequency is more stable than COPD exacerbation frequency, it does not predict overall mortality as well. Thus, while health care utilization-based metrics are imperfect and susceptible to well-described inaccuracies and inconsistencies in diagnosis, they appear to be reasonable starting points for identifying groups of patients of varying risks of future health care utilization (overall and COPD-specific), as well as overall mortality.
Our findings are in line with prior observations in recent studies that noted COPD exacerbation frequency is unstable unless present for 2 consecutive years.
6
Our findings are in contrast to the ECLIPSE findings where, after 1 year, COPD exacerbation frequency was stable.
3 The observed stability in the ECLIPSE cohort may reflect the fact that only patients who survived for all 3 years were included in the analysis. Furthermore, in contrast to clinical data, research studies for COPD patients have exclusion criteria (e.g., metastatic cancer), which may themselves contribute to health care utilization and overall mortality.
4,13,14
Our study has several limitations.
First, we identified patients with COPD based on billing codes. Thus, the accuracy of the COPD diagnosis and the presence and/or severity of the airflow obstruction were uncertain in our patients compared to individuals in research studies.
3 However, health care utilization correlates with symptoms even in the absence of obstruction, with updated GOLD guidelines relying on COPD exacerbation frequency and symptoms to categorize COPD patients.
2,15 In addition, smokers with respiratory symptoms have health care utilization similar to patients with COPD and symptoms, and higher than patients with COPD without symptoms.
16
Thus, health care systems looking to improve patient outcomes need new ways of identifying and categorizing former smokers with respiratory complaints. So, while lack of diagnostic certainty in our cohort is a limitation, it is reflective of the way patients with respiratory symptoms are treated clinically across health care systems.
As would be expected, our patients had high rates of cardiovascular comorbidities. These comorbidities create more diagnostic uncertainty when patients present with respiratory complaints. Indeed, many COPD trials exclude patients with significant heart failure.
11 However, the high rate of cardiac comorbidity in our COPD patients is reflective of the complexity of patient care in a clinical setting.
Our health care utilization data captured only severe COPD exacerbations, namely those that resulted in an ED visit and/or hospitalization for COPD. Thus, milder COPD exacerbations treated in the outpatient setting or at home were not included. Additionally, while we included ED visits and hospitalizations in 2 relatively closed systems, we did not capture COPD exacerbations treated outside the health care systems studied. Our smallest cohort was in a relatively open health system at the University of Chicago Medicine system, where the small number of patients and likelihood of incomplete capture of clinical data with patients seeking care at multiple institutions likely contributed to the lack of mortality significance in this cohort.
In conclusion, the strength of our study is the evaluation of the stability of COPD exacerbation frequency, and health care utilization in general, in clinical data sets from 3 distinct health systems. Severe COPD exacerbation frequency was stable after 2 consecutive years and correlated with increased mortality across different health care systems. Thus, health care utilization (COPD-specific and all cause) may help identify patients who are at high risk for future health care utilization and overall mortality across a system.
